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性的复合材料体系则塑性变形和裂纹情况得到明显的改善, 并且磨损量显著降低.载荷从 200 N 增大到 300 N
后,树脂基体的磨损机制从粘着磨损过渡为严重的疲劳磨损,添加晶须体系仍以粘着磨损为主. 晶须添加量较
小时,复合材料的磨损机理主要为粘着磨损, 晶须添加量较高时, 磨粒磨损占主导地位.


































N , N 二氨基二苯甲烷型双马来酰亚胺树脂
(BMI, 分子量为 358, 熔点 156  ) , 西北化工研究
院; O , O 二烯丙基双酚 A( BA) , 自行合成; 硫酸
钙晶须 ( CaSO4w, 直径 1 ~ 5 m, 长度 10 ~ 200
m) , 沈阳祥跃新材料有限责任公司;硅烷偶联剂
( 氨基丙基三乙氧基硅烷 KH 550, 缩水甘油
醚氧丙基三甲硅烷 KH 560) , 南京曙光化工总厂,
工业品.
1 2 试样制备
事先将硫酸钙晶须在 105  下烘干 4 h,配制
好计量的硅烷丙酮溶液,将定量的硫酸钙晶须倒
入相应的偶联剂溶液中, 搅拌均匀, 室温晾置 8 h
后,在 85~ 90  下烘干 2 h, 密闭贮存备用.
BMI与 BA按重量比 1!0 8称量好, 将 BA在
烧杯中加热至 130  , 缓慢加入 BMI 树脂, 130  
预聚 20 min后,加入所需量的晶须, 搅拌均匀,浇
入预先清理好并涂有脱模剂的玻璃模具中, 于
120~ 130  下真空脱泡15min, 固化工艺为145  
2 h+ 160  2 h+ 180  2 h+ 200  2 h, 后处理工
艺为 220  8 h,之后在切割机上裁出所需尺寸试
样,烘干, 得到试样.
1 3 摩擦磨损性能测试
按GB3960 83进行, 在MM 200型摩擦磨损试









糙度 R a 为 0 08~ 0 12 m,试样表面用丙酮擦拭
干净. 试验条件为载荷 20 kg, 30 kg, 转速 200








图1和图 2分别是试样在 200 N 和 300 N下
测试 2 h的摩擦性能.从图 1结果可见, 在载荷为
200 N条件下, 纯树脂基体和添加 10%硫酸钙晶
须的体系摩擦都很稳定, 摩擦系数基本相同. 当摩
擦载荷增大到 300 N时, 纯树脂的摩擦系数则从
0 17增大到0 30,而添加 10%硫酸钙晶须的复合
材料摩擦系数变化很小.
表1是载荷对材料的磨损性能影响, 从表中
可知, 载荷为 200 N时,添加晶须体系和纯树脂基
体的磨损情况相差甚小. 而载荷增加到 300 N时,
情况就有了很大的变化. 随着载荷从 200 N增加















Fig. 1 Frict ion coefficient under 200 N Fig. 2 Frict ion coefficient under 300 N
Table 1 Influence of friction load upon wear properties of composites and resin matrix
Propert ies Wear width(mm) Volume wear capacity ( mm3) Wear rate∀ 106( mm3 (N#m) ) Wear condit ion
BMI resin 200 N 2 56 0 49 0 83 Soft plast ic distort ion, no crackle
300 N 6 16 6 87 11 61 Serious plastic distort ion, crackle
10% wa 200 N 2 34 0 37 0 63 No plastic distortion, no crackle
300 N 2 84 0 67 1 13 No plastic distortion, no crackle









硫酸钙晶须经KH 550和KH 560处理后, 在300N
摩擦载荷下得到的材料的摩擦性能.结合表 2偶
联剂对材料磨损性能的影响来看, 硅烷 KH 550对
体系的偶联效果较好.实验对最佳 KH 550用量进








下降到 1 25 mm
3
, 当晶须添加量达到




Fig. 3 Influence of coupling agents on frict ion coeff icient of
materials
Fig. 4 Influence of KH_550 contents on frict ion coefficient
of meaterials








(mm3 ( N#m) )
BMI resin 6 16 6 87 11 61
Unt reated 3 02 0 80 1 34
KH 560 1 5% 2 98 0 77 1 31
KH 550 0 5% 2 60 0 51 0 87
1 0% 2 84 0 67 1 13
1 5% 2 50 0 46 0 78


















Fig. 5 Influence of whisker contents on frict ion coefficient
of materials











(mm3 N#m) - 1
BMI 0 30 6 16 6 87 11 61
1 5% KH 550 3% 0 29 3 50 1 25 2 11
5% 0 20 3 12 0 89 1 50
8% 0 20 2 62 0 52 0 88
10% 0 20 2 50 0 46 0 78










须体系的磨痕 SEM 照片, 从图 6( a)中可见,当摩
擦载荷为 200 N时, 树脂基体的摩擦主要表现为
粘着磨损. 而当摩擦载荷增大至 300 N时, 树脂基
体在大摩擦载荷的作用下,出现明显的塑性变形
和裂纹.这主要是因为基体在较大摩擦载荷作用














Fig. 6 SEM picture of the worn surface of materials under different load
a) BMI resin(200 N) ; b) BMI resin(300 N) ; c) 10% whiskers ( 200 N) ; d) 10% whiskers (300 N)
图7是添加不同硫酸钙晶须复合材料磨损表
面的 SEM照片, 从图 7( a)、7( b)可见,当晶须添加





Fig. 7 SEM pictures of the worn surface of the composites under different whisker content












Fig. 8 SEM pictures of the transfer film of pure resin and the composite
a) BMI resin; b) Composite containing 10% whiskers
文献[ 7]的工作表明,体系中添加硫酸钙晶须
后,复合材料的力学强度、耐热性均得到了良好改
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STUDY OF CALCIUM SULPHATE WHISKERSMODIFIED
BISMALEIMIDE RESIN BY FRICTION AND WEAR PROPERTIES
HU Xiaolan, YU Moufa
( Department of Material Science and Engineering , College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005)
Abstract The friction and wear behaviors of calcium sulphate whiskers modified bismaleimide resin under different
friction load, coupling agent , and whisker content were investigated. The results show that the resin matrix exhibits
adhesion wear under lower friction load, but it shows serious plastic distort ion and crack under high friction load.
The properties of composites with calcium sulphate whisker are improved obviously. The wear rates of the composites
are decreased markedly by adding calcium sulphate whiskers. When frict ion load increases from 200 N to 300 N,
the wear of the resin matrix is changed from an adhesion wear to a fatigue one. At lower whisker contents, the wear
of the composites shows adhesion features. While at higher whisker contents, it is dominated by particle wear.
Key words Bismaleimide resin, Calcium sulphate whisker, Frict ion and wear resistance
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